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(54) Polymeric additives usable for inhibition of the deposit of paraffins in crude oils 

(57) Polymeric additives, for inhibiting the deposit of paraffins and improving the flow properties of crude oils, 
comprise units derived from (a) one or more alkyl esters of unsaturated monocarboxyhc acids (preferably XirCao 
alkyl esters of acrylic or methacrylic acid), <b) one or more unsaturated aipna, beta-d.carboxy ic compounds in the 
form of diacids, low alkyl diesters or anhydrides, and (c) one or more monomers having ethylenic unsaturate of the 
general formula CH 2 -CZiZ 2 , in which Z, and Z 2 are the same or different and represent hydrogen a halogen, a d-C^ 
saturated, unsaturated or aromatic hydrocarbon group, or an alkanoic ester or alkyl ether group. Compositions 
containing a crude oil and 5 to 4000 ppm, preferably 100 to 1 500 ppm, of one or more of these polymers have much 
improved flow properties. 
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SPECIFICATION 

Polymeric additives usable for inhibition of the deposit of paraffins in crude oils 

5 The present invention relates to polymeric additives usable for inhibition of tto dapoaH and for 
improvement of the flow properties of crude oils and also concerns compos.t.ons containing crude oils and 

""c^oircan contain significant fractions of paraffins, the exact quantity and nature of which are variable. 

depending upon the extraction fields. At well temperatures, paraffins are liquids and dissolve 
10 oM When the oil is broughtto the surface, its temperature drops and the paraffins crystallize, formm , a 
10 three-d^nensional mass'of needles and platelets. This results in a loss ^^^^^S^ 

production, transport, storage and even treatment of these oils, blockages in pipelines and in treatment 

proc f edu U res nt have been proposed to resolve this problem, such as mechanical scraping and even 
15 heK of me walls These procedures are costly and it is not always possible to carry them out The use of 
Si^eT™* frequently polymeric has also been suggested, the purpose of which is to retard or modify 
£ f^K^ ^naind so improve the flow properties of the oil and prevent the agg.omerat.on of 

"S^L^^ a^«te nature, are homopo.ymers and copolymers of long-chain acrylates^ 
M CooTlvmers of long-chain acrylates with vinyl pyridine (US Patent 2839518 (1958 Shell), d.alkylam.no- 
^5E!'de3»FS 2926474 (1979), STOCKHAUSEN) or also maleic anhydride (Brit.sh Patent Application 

^nfp'rSceS 

oalaffins on the waHs to be avoided. Because of the higher reactivty of long-chain acrylates with respect to 
25 KSSS^nomw* incorporation of the latter is very difficult. The dispersing effect, coupled with the 

,e o e nthi n oThrr d ^ 

oflJrong Sersing effect, usuab.efor inhibition of the deposit of paraffins in ^^^fig* 
origin. These additives retard the crystallization of paraffins, permit reduction of the flow po.nl . and the 
viscosity of cruoe oi.s ana facilitate transport, storage end treatment of the latter. , ney arc =«, , 

35 '"tSSo^-* .SSK'iScortnnB to the invention consists of a polymer formed from units derived from: 
one or more alkyl esters of unsaturated monocarboxyl.c acids, diesters or 

one or more unsaturated alpha, beta-dicarboxylic compounds in the form of d.ac.ds, low alkyl diesters or 

an oneor more monomers having ethylenic unsaturate of the general formula: 4( > 



40 



45 



10 



15 



20 



25'- 



35 



„^ Zl (D 
CH 2 = CC^ 

z 2 45 



in which Z, and Z 2 are the same or different and represent: 
hydrogen, . 
a halogen, such as fluorine, chlorine, bromine or iodine, 

a saturated, unsaturated or aromatic C, to C 30 hydrocarbon group, 5Q 
50 an -O-C-Ri group. 

II 

O 

where R, is a C, to C 3 alkyl group, or 55 

60% to 90% of units derived from one or more alkyl esters of unsaturated monocarboxyl.c acids 0.5 X, to 40 fc 

and Preferably 6% to 20% of units derived from one or more unsaturated alpha, beta-d.carboxyl.c 

and PreTeramy o * t derjved f rom Qne Qr more monomer s having 

60 SC— ^ — a (1). incorporation of the unsaturated alpha, beta-dicarboxylic 60 
romnounds is facilitated bv the presence of the monomer having ehthylenic unsaturation. 
^SS^SIS^Su!^ monocarboxylic acids, use is preferably made of long straight-chain 
n-alkylacrylates and methacrylates, ranging in general from C 12 to C 30 . 
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These esters can be obtained by the reaction of acrylic or rnethacrylic acid or their esters with straight 
jchem aliphatic alcohols having at least 12 carbon atoms. The upper limit of 30 carbon atoms is imposed by 
the chain length of the aliphatic alcohols at present available commercially. Available aliphatic alcohols are 
mixtures of alcohols of different chain lengths, the distribution of which is in general in the following ranges 
5 by weight: 

0<C 12 -C 16 < 10% 

0< C 16 -C 18 < 40% 

50 < C 20 - C 22 < 1 00% 

0<C 24 -C 30 < 10% 

1 5 The preferred mixture of alcohols according to the invention has the following composition by weight: 1 5 

<C 18 0to 30% 
C2o-C 22 50to100% 
< 0 to 20% 



20 



The unsaturated alpha, beta-dicarboxylic compounds in the composition of the polymer are more 
particularly dicarboxylic acids, such as maleic acid or alkylmaleic acids, for example methylmaleic (or 
25 citraconic) acid. 25 

These compounds can also consist of the alkyl diesters of these dicarboxylic acids and in particular the 
methyl, ethyl or propyl diesters or, further, the anhydrides corresponding to these dicarboxylic acids. Within 
the scope of the invention, the anhydrides are preffered and, particularly, maleic anhydride. 

Among monomers having ethylenic unsaturation, reference can be made to ethylene, alpha-olefins such 
30 as butene-1 or octadecene, vinyl chloride, 1,1-dichloroethylene, alpha-methylstyrene, styrene and its 30 
derivatives vinyl esters such as methyiviny' ; eth=r and vinyl esters such as vinyl scstate, c ropionate or 
butyrate. 

The preferred monomers having ethylenic unsaturation are octadecene-1 , styrene and vinyl acetate. 

The polymeric additive is obtained bv pc'vrr.erization of the aforementioned monomers. Polymerization 
35 can be effected in the mass, i.e. without a solvent, or also in an organic solvent in which both the monomers 35 
and the copolymer are soluble. Among these solvents, reference can be made to hydrocarbon solvents of 
aliphatic or aromatic structure, which are chemically inert vis-a-vis the monomers. 

The preferred solvents are, for example, xylene or toluene or a cut of aromatic character. 

When polymerization is effected in a solvent, the overall monomer concentration can range from 10% to 
40 100% by weight of the solvent, the preferred concentrations ranging from 20% to 60% so as to have, after 40 
polymerization, a solution which is pumpable at a temperature adjacent the ambient temperature. 

The polymerization temperature can vary widely, for example from 50° to 150°C and preferably from 70° to 
120°C. 

The pressure is selected as a function of the structure of the monomers and can range from atmospheric 
45 pressure to elevated pressures of the order of 100 bars. 45 
The unsaturated alpha, beta-dicarboxylic compound and also the monomer having ethylenic unsaturation 
are both utilized in a ratio of 0.05 to 0.5 mole of the alkyl ester of the unsaturated monocarboxylic acid. 

Catalysts are generally selected from compounds generating free radicals soluble in the reaction medium, 
such as for example peroxides such as benzoyl peroxide, acetyl peroxde, ditertiobutyl peroxide or azoic 
50 compounds such as azo-bis-isobutyronotrile. In general, 10~ 5 to 10" 1 mole of catalyst and preferably 5 x 50 
10" 4 to 10~ 2 moles per mole of monomer are used. 

The numerical molecular weight of the polymer can range from 5,000 to 30,000 and is preferably in the 
range from 20,000 to 150,000. The polydispersity can range from 2 to 7. The molecular weights are 
determined by gel permeation chromatography (GPC). 
55 The additive according to the invention is incorporated in crude oils in a concentration by weight ranging 55 
from 5 to 4,000 ppm and preferably from 100 to 1,500 ppm. Incorporation is effected at 20° above the flow 
point of the crude, with agitation. 
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£ Te P degree of polymerization of the copolymers is measured by gel permeation chromotogr a phy (GPC), 
three dfferent means: ,_ Q _ D 

mimmmm 

these additives is defined by the relation: 



10 



15 



20 



25 



(E) 



Ei-Ea 



100 



En 

where Ei = weight of deposit of a crude oil without additive 

E 2 = weight of deposit of a crude oil containing an additive. 



30 the start of the reaction, 0.34 g of benroy. p=roxid_ s aeceo .no ne p 

hcurs - .... • . - ne/ ^innt of r-.aSelcannydride as determined by IR spectre.-r.ew y is 

35 &&S2£2^SXZSSSZSi - ~ «■* — - ,M% - Th - m< " eco "' 

weights determined by GPC are - 



M n = 13,700 
M w = 33,000 



40 



20 



25 



30 



The molecular weights determined by GPC are 



M n = 11,000 
M w = 34,000 



50 



The molecular weights determined by GPC are - 



60 



M n = 15,000 
M w = 41,000 
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• £X Svaltnt synthesis to Example 3, but the 4.2g of vinyl acetate is replaced by 4.4 g of styrene. The yield of 
theSn is 95% and the level of maleic anhydride determined by IR is 3.1%. The level of incorporation of 
the maleic anhydride is 94% and that of styrene is 1 00%. 

5 The molecular weights determined by GPC are : 

M n = 13,000 
M w = 39.000 

10 EX Bv"w?v 5 of comparison, 137.4 g (0.375 mole) of n-alkyl acrylate of average chain length C 20 to C 22 and 4.2 : g 
(0 ^moW c 5 maleic anhydride are polymerized under the same conditions as in Example 1 . The yield of 
Si ffeaTtSn £VX and the level of maleic anhydride determined by IR is 1.9%. The level of incorporation of 
the maleic anhydride is 64%. The molecular weights determined by GPC are : 



15 



10 



15 



M„ = 16,000 
M w = 44,000 



20 ^wiy Of comparison, 186.6 g (0.4 mole) of n-alkyl acrylate of average chain length £ 20 to C 22 is 
polynTerlzed underthe same conditions as in Example 1. The yield of the reaction is 88<>/o. 
The molecular weights determined by GPC are : 



20 



25 



30 



35 



M n = 19,000 
M w = 58,000 

Table I contains the characteristics of the crude oils tested and Tables II to VII the flow points and the 
dynamic flow tes? results of crude oils without additives and with variable concentrates of additives 
prepared according to Examples 1 to 5. 

Table VIM !r Aisace. the use of 1000 ppm of the additive 

by pipeiine over the distance of 15 km. without any 

problem of viscosity or deposit of the paraffins. 

TABLE I 

Characteristics of the crude oiis tested 



25 



30 



35 



40 



Origin of the Crude 
GABON INDIA 



NIGERIA 



FRANCE 
(Alsace) 



40 



45 



Specific Gravity 
Kg/m 3 @15°C 852 

Flow point 

°C 18 



820 



27-30 



873 



40 



830 



27 



45 



Paraffin content 
50 %(D 

Viscosity 
cSt 



15 



40°C 8,6 
60°C 5,9 



55 (D gas phase chromatography 



20-25 



39 



22-27 @20°C JJ£ 



27,5 

50° 4,3 
60° 3,6 



50 



55 
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TABLE II 

Crude of Indian origin 
Flow point °C 



Example 



10 



15 * ppm of active material 



20 



25 



30 * PP m °f active material. 



35 



40 



45 * ppm of active material. 



50 



55 



(ppm) 


0 


100 


200 


700 


1 


30 


27 


21 


15 


2 


30 


24 


21 


12 


3 


30 


24 


18 


12 


4 


30 


24 


18 


9 


5 


30 


27 


27 


21 



TABLE III 
Dynamic Flow Test 
Distance travelled (cm) 



Additive 
Example 



(ppm)* 
1 


0 
0 


100 

27,3 


200 
34 


2 


0 


27,5 


38,5 


3 


0 


28,8 


40 


4 


0 


28,7 


34 


5 


0 


18,5 


26 



TABLE IV 

Crude of Alsace origin 
Flow Point °C 



Additive 

Product Example 



(ppm)* 


0 


700 


1 


27 


15 


2 


27 


15 


3 


27 


12 


4 


27 


12 


5 


27 


21 



Additive 
Product example 



TABLE V 

Dynamic Flow Test 
Distance travelled (cm) 
0 



(ppm) 
1 
2 
3 
4 
5 



700 

27 

28,4 

27,5 

28,6 

19,3 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



60 * PP m °* a ctive material. 
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TABLE VI 
Crude of Nigerian origin 
Flow Point (°C) 



Additive 



10 



(ppm) 


* 0 


100 


200 


700 


1 


30 


18 


15 


12 


2 


30 


18 


15 


9 


3 


30 


18 


15 


12 


4 


30 


18 


15 


9 


5 


30 


24 


21 


18 



* ppm of active material. 



15 



20 



25 



TABLE VII 
Dynamic Flow Test 
Distance travelled (cm) 



Additive 

Product example 



(ppm) 

1 

2 

3 

4 

5 



0 

9,5 
9,5 
9,5 
9,5 
9,5 



100 


200 


700 


33,6 


38,5 


>44 


32,5 


37 


>44 


34.5 


38,9 


>44 


33,1 


37,8 


>44 


27 


30 


37 



* ppm of active material 



30 



35 



40 



45 



Additives 



TABLE VIII 
Crude of Gabonais origin 

Deposit Test 
concentation = 2000 ppm 

E = reduction of deposit % 



According to Example 1 50 

2 60 

5 40 

6 20 



The deposit of paraffins having a number of carbon atoms greater than 40, determined by gas phase 
chromatography, has been practically eliminated. 
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10 



Z n 

ch 2 - c; Zz i5 

^•ff^r^nt and each represents: 
K-rhZ andZ 2 arethesameord.fferentan 
in which Za ana t 2 

20 01 d 

paraffins, characterized • thatt 9 r **"* ^"rom 100 to 1500 ppm, 

in A composition a" 0 ™. 000 pP m and preferably vt d f rom; 

— : . 

-srr: — - 



40 



45 



50 



55 > n 



CH 2 - C \ 7 

^2 



55 



_ a saturated, unsaturatea or 



- an 



-0-C-Bi group. 



0 

an-OR 2 gro u P wher 2 
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1 2. A polymer according to claim 1 1 , characterized in that it contains by weight 20% to 99% and 

• preferably 60% to 90% of units derived from one or more alkyl esters of unsaturated monocarboxylic acids, 
0.5% to 40% and preferably 5% to 20% of units derived from one or more unsaturated alpha, 
beta-dicarboxylic compounds and 0.5% to 40% and preferably 5% to 20% of units derived from one or more 

5 monomers having ethylenic unsaturation of the general formula (1 ). 5 

13. A polymer according to claim 1 1 or 12, characterized in that its numerical molecular weight is in the 
range from 5,000 to 300,000 and preferably from 20,000 to 1 50,000. 

14. A polymer according to any of claims 1 1 to 13, characterized in that the alkyi esters of unsaturated 
monocarboxylic acids are n-alkyl acrylates or methacrylates. 

10 15. A polymer according to claim 14, characterized in that use is made of C 12 to C 30 n-alkyl acrylates or 10 
methacrylates. t 

16. A polymer.according to claim 1 5, characterized in that at least 80% of the n-alkyl acrylate or 

methacrylate units are C2oto C 2 2. 

* 17. A polymer according to any of claims 1 1 to 1 6, characterized in that the unsaturated alpha, 

15 beta-dicarboxylic compound is an anhydride and particularly maleic anhydride. 15 

18. A polymer according to any of claims 1 1 to 17, characterized in that the monomer having ethylenic 

• unsaturation of the general formula (1) is styrene, vinyl acetate or octadecene-1. 

19. A polymeric additive according to claim 1, substantially as described with reference to any of the 
foregoing Examples. 

( 20 20. A composition comprising a crude oil and a polymeric additive, according to claim 9, substantially as 20 

described with reference to any of the foregoing Examples. 

21 . A polymer according to claim 1 1 , substantially as hereinbefore described. 
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